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A General-Purpose Pulse Generator 
Producing High-Power, Fast-Rise Pulses 



FAST risetime pulses with appreciable power 
at high repetition rates are used to advantage 
in a growing number of applications. The testing 
of magnetic cores, ferrite modulators, high speed 
relays, and high power semiconductor devices rep- 
resent some of the uses for pulses of considerable 

current. Pulses 
with ample volt - 
age are useful 
for testing pow- 
er amplifiers, 



SEE ALSO 

A new clip-on turrqnt probe, 

page 5 

Infreoied power for VLF standard 

broadcast*, page 8 



wideband modulators, and the ionization times of 

neon bulbs, thyra irons, and other gaseous devices. 

To meet this demand for high power pulse- 



with fast risetimes, a new general purpose pulse 
generator has been designed to supply up to 200 
watts in its output pulse at repetition rates up to 
I Me. Maximum pulse amplitude into a 50 ohm 
load is 100 volts, four times the power previously 
available in a general purpose pulse generator. 
Maximum pulse current into a short circuit is 2 
amperes. Pulse rise and fall times at 100 volt* rue 
typically less than 15 nsec and are reduced to less 
than 13 nanoseconds for pulse amplitudes of 50 
volts (into 50 ohms) or less. 

The new generator, -hp- Model 2 14 A, comple- 
ments the performance range of other recently- 
announced -hp- generators. The Model 215A 




Fig. /. Model 2J4A Puis* Generators ran be connected in parallel 

to derive complex puts? trains, as shourt here in HF modulation 

experiment, flexible synchronizing and triggering capabilities in- 

■ 0$e possible variety of pulse trains, 
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2 Kit her positive or negatU 

(angular pulses, both with baseline 

'it ground, are available from -hp 

Model 2 14 A Pulse Generator. UmihU 

exposure oscillogram shown both pulse 

polarities; only output polarity sn itch 

hanged between exposures. 

S eep speed: 5 ftsec/cm; vertical 

sitivity: 7 1 /< m I. 
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Fig. .?. Hewlett -Packard Model 214A Pulse Generator. 



nanosecond Pulse Generator, foi in 
stance, has a maximum pulse am 
plitude of I (J volts and pulse widths 
r a n gi n g be t we e n 2 and t GO n sec b u i 
extremely fast pulse rise and fall 
times (>l only I msec 1 , I he Model 
iM.iB nil the other hand has a rise- 
rime of Jess than 0.] nsec, the fastest 
available, with a pulse amplitude oi 
175 m\-. 

In addition to high power, the 
new 21 I A has the wide flexibility 
required of a general purpose in- 
strument. Pulse width ran be varied 
from 50 nse< to 10 msec in 5 ranges. 
Pulse amplitude can he reduced 
from 100 volts lo less than 80 mv 
through a nine position range 
switch and a 2.5:1 vernier control. 
The pulse baseline is fixed ai 
ground foi eithei positive or nega- 
tive output pulses (Fig.2) and does 
not shift regardless ol pulse width, 

'C, O. Forge, "A New Pulse Generator with 
Very Fast Rtsetime," Hewlett Packard Journaf 
Vol. 14, No. 2, October, 1962 

*R, Carlson, "A Tunnel Diode Pulse Generator 
with 0-1 Nanosecond Rtsetime. " Hewlett- 
Packard Journal, Vol 14, No. 12. August, 
1963. 
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Fig. 4. Writ e forms shown here were 
made by two Model 2 14 A Pulse Gen- 
erators connected in parallel. One gen- 
erator (narrow pulses) operated in 
double pa he mod* 



pulse polarity, or pulse repetition 
rale. "This is important when the 
generator drives circuits which 
cannot tolerate d< bias changes. 

Other features of the instrument 
include a high order ol triggering 
flexibility, a 50 ohm driving source 
impedance, and the capability ol 
providing double pulses. In addi- 
tion, two or more 214 A pulse gen- 
erators may be connected in parallel 
to provide a variety of pulse trains, 

PUtSE CHARACTERISTICS 

The characteristics ol the 214A 
output pulse are lulh specified so 
i hat measurements concerned with 

the shape of a lest pulse c an be 

made with confidence. Overshoot \s 
less than v , on both hading and 
trailing edges, preshoot is less than 
2> j . pulse top perturbations are less 
than l tf , and sa^ on (he longest 
pulse is less than 5%. Ol particulai 
importance is the fact that pulse 
characteristics do not van with 
changes in repetition rate or pulse 
width settings. 

The broad range of puke wit It lis 
enables the 21 4 A tn serve as a square 
wave generator when operating on 
the It) volt or tower amplitude 
ranges (dut) cycle is limited to an 
average power oi 20 watts). 

In all but the highest voltage 
range of the instrument, a 50 ohm 
internal resist a me is connected 
across the output to serve as an in- 
ternal termination Un absorption of 
pulse reflections itom external < ir- 
cuits. This enables the 2 14 A to work 
into mismatched loads with a mini- 



mum of puke distortion which 
otherwise results from secondary re 
flections*. It is thus possible to use 
the short-circuit current capabilities 
of the out put stage wit lion t seriously 
degrading the pulse shape (¥n 

On the highest voltage range, the 
internal 50 ohm terminal inn is dis 
connected and the output stage 
then supplies a t00 volt pulse into 
a 50 ohm load, or I $0 volts to an 
open circuit. Short circuit outpui 
current with or without the internal 
50 ohm termination is 2 amperes. 

TRIGGER FLEXIBILITY 

The 214A can be triggered by a 

wide variety of triggering pulses, 
oscilloscope type triggering controls 
enabling the instrument to be trig- 
gered from an\ waveform having 
more than a i; volt peak ampli- 
tude. The generator triggers at any 
repetition rate from to I M< oi 
her runs throughout a range of 10 
eps to 1 Mi in 5 ranges, Single 
pulses can be generated in response 
to a front panel pushbutton, a use- 
ful feature for determining the min- 
imum single impulse energj needed 
to triggei a Circuit Pulse buisu are 
* ! - 1 available, an Internal gate hu k- 

Tube capacitance causes small reflecbons 
on very fast transients; these are reduced on 
the lower voltage ranges by the attenuator 
pads in series with the output 




/■ ig. 3. Effect of internal termination 
is shown in towel form. This rep- 

resents current at shorted end of 3- ft 
coaxial cable while generator internal 
50 II termination is connected (SO v 
rn n ge I . Vppe r tea i efo rm sh ows eu rre n t 
■i of same shorted cable with in- 
ternal 50 ^ termination switched oat 
(100 v range). Alkmatched ends of 
cable cause multiple reflections^ (> 
speed: 1 psec/cm; certicat sensitivity: 
2 amps/ cm J 
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Fi#, 6\ Skeleton blot /. 
diagram shows hasit 
figuration of -hp 
Model 214 A P 
Generator in Pulst- 
Delay mode* 



ing out trigger pulses excepl when 
an externa] gate signal is applied. 

OUTPUT TRIGGER 

In addition to the main pulse, the 
L'l I \ supplies .i triggei pulse for 
operation of external equipment. 
The triggei pulse tna\ be sei n» oc- 
cur i" advance of or delayed from 
the main pulse through mi t a range 
of -L-lo milliseconds to — 10 milli- 
seconds. The wide range oi triggei 
delays facilitates ust il lost ope exam- 
ination of differem pai ts ol the 
pulse and also enables « variel 
complex pulse trains io be genera- 
ted when several i^l IA pulse gen- 
erators are usee! in combination, 

DOUBLE PULSES 

Double pulses arc obtained when 
the output trigger delay generatoi 
is switched n> serve as an internal 
trigger source for generating a sec- 
ond pulse Following the primar) 
pulse. Obviously, the pulse width 



and amplitude controls affect both 
pulses equally. Rme delay between 
the leading edges of the pulses is 
controllable up to [0 milliseconds 
b) i be crigge] dela) control. Mini- 
mum pulse spacing depends on the 
pulse width setting, fit course. 

Double pulses are useful for lesi 
big the resolution of digital circuits 
and also find use where 214A's are 
used in < ombination to provide spe- 
* ial puKe trains (Fig. h, as m tast- 
ing magnetic cores. 

DETAILS OF OPERATION 

The output puke is generated bj 
a bistable circuit that includes the 

power mil put tubes. Despite ret en l 
advances in semiconductor devices, 
tidies are still the mosi economical 
choice for generation of high power, 
fast rise pulses. High pel \e.mce pen- 
todes, rather than thy nitrons, are 
used heie io permit a 1 Mc pulse 
repetition rate. As outlined by the 



block diagram ol Fig. ". the outpul 

circuit is turned on l>\ a start nig- 
ger ptdse and turned ofi by a \tr*l* 
trigger pulse. Pulse width therefore 
is determined sole!) b\ the time dil 

U n in e bet wren the two pulses. 

When the instrument is in the 
Pulse Delay mode, as shown in I i^- 
b, the timing pulses pass directly to 
the sMu trigger blocking oscillator. 
The output eil this circuit may be 
used to trigger external equipment 
in advance of the main pulse. 

lii place the main pulse ahead 
of the syn< trigger pulse, the t ircuits 
nt re-arranged in the I'uht (■<£* 
mode, as shown in Fi^. 7. The 
timing pulse now triggers the start 
and stop < m uits dire* tly, while the 
pulse position multivibrator trig- 
gers the syni trigger blocking <>s<il- 
lator at a later instani (a fixed tie- 
lav in the triggei mil < ii< uits « leafes 
a small overlap between pulse ad- 
van* e and delay mud 
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Fig. 7, Pulse ad m figuration places main putse 

ahead of trigger pulse, 



Fig. tf. Double puis* 1 eon figuration lines Pulse position 
delay multivibrator to trigger main pulse circuits for 

'id time. 



)Copr. 1949-1998 Hewlett-Packard Co. 

























- 































































Fig. 9, Leading edge of 50 v pulse is 
shown above: 100 r pulse is below 
(Sweep speed in both photos: W 
usee /cm.) 
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Doable ouijmii pulses are ob- 
tained in ihe Double Pa he mode, 
shown in Fig. S, tn this case, lft< 
timing pulse triggers both thi 
trigger and main pulse controls cii 
cults directly. TKe main pulse n\ 
mils ;jre triggered a second iimt.% 
however, by the pulse position mul- 
tivibrator. Two main pulses thus 
are generated, with the time be- 
tween leading edges controlled by 
the Pulse Position control The out- 
put trigger now remains fixed in 




Fig. 10 Current drive capability of 
Model 2 14 A is shown bv current wave- 
form (200 ma/ em) in 2.2 p h inductor 
connected across generator output (up 
per trace). Lower trace shows voltage 
waveform (20 u/cm), (Sweep speed: 
2 psec/cm). 



Fig. 1L Model 2 14 A Pulse 
Generator supplies up to 
2 amperes of pulsed for- 
WOrd current for study of 
light spectra radiated bv 
elect rolu m i n es ce n t di- 

tn laboratory setup 
sh o wn h ere , /) is play 
Scanner in -hp~ 175 A 
s c illoseope sy n c h ro ■ 

with pulse genera- 
tor " reads " photocell Out- 
put only during brief 
sampling interval, there- 
by improving signal-to* 
noise ratio. 



time with respeci to the leading 
edge ol the first main pulse. 

Hither positive *»■ negative output 
pulses are obtained by a reversing 
switch on the output leads. Tims 
mivion-line transforms] baluns in 
\eti the output without pulse deg- 
radation in cither polarity* 

Output amplitude is controlled 
through a 2.5: 1 vernier range by ad- 
justment of the output tube screen 
voltage. Amplitude range switching 
adjusts bias levels throughout the 




output circuit to reduce output 
power, as weJI us switching in an 
output attenuator. 
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SPECIFICATIONS 

-hp- 

MODEL 214A 

PULSE GENERATOR 



OUTPUT PU LSE 
SOURCE IMPEDANCE: 50 ohms an 50 
volt and lower ranges; approximately 
1500 ohms on 100- volt range. 
PULSE SHAPE: 

RISE AND FALL TIMES: <13 nsec 
on 20 voJt and lower ranges and on 
50 v negative pulse, typically < 10 
nsec with vernier set for maximum 
attenuation: <16 nsec on 50 v 
positive pulse Typically 15 nsec 
on 100 v range. 
PULSE AMPLITUDE; 100 voUs into 
50 ohms Attenuator provides 0.2 
to 100 volts in l r 2 t 5, 10 sequence 
(9 ranges). Vernier provides contm 
uous adjustment between ranges 
and reduces output of lowest 
range to 60 mv. 
POLARITY: Positive Or negatrve se- 
lectable by front panel switch 
OVERSHOOT: <5% on both leading 
and trailing edges 

PULSE TOP VARIATIONS: <4%. 

DROOP: <5%. 

PRESHOOT: <2%, 

PULSE WIDTH: 50 nsec to 10 ms in 
5 decade ranges Continuously ad- 
justable vernier 

WIDTH JITTER: <G\05% of pulse 
width | 1 nsec 

PULSE POSITION; to 10 ms ad 
vance or delay with respect io 
trigger output (5 decade ranges), 
Continuously adjustable vernier. 

JITTER: <0.05% of advance or de 
lay setting - 1 ns (between tag- 
ger pulse and output pulse), 

'Measured on 50-Mc oscilloscope 



REPETITION RATE AND TRIGGER 
INTERNAL; 

REPETITION RATE: 10 cps to I Mc 
(5 ranges), continuously adjustable 
vernier, 
RATE JITTER: <0,5% of period 
MANUAL: Push button smgFe pulse, 2 

cps maximum rate. 
EXTERNAL: 

REPETITION RATE: dc to 1 Mc 
SENSITIVITY: <0.5 vpk 
SLOPE: Positive or negative 
LEVEL: Adjustable from —40 v to 
■ 40 v, 
EXTERNAL GATING: - 8 volt signal 
gates pulse generator on Maximum 
input. 40 vpk. 
DOUBLE PULSE: 

MINIMUM SPACING: I M sec on 0.05 
to 1 ^is pulse width range and 
-f upper limit of width range 
tor all other ranges. 
TRIGGER OUTPUT: 

AMPLITUDE: 10 v into 1000 ohms 
WIDTH: 0.05 ^sec, nominal. 
POLARITY: Positive or negative 

GENERAL 
MAXIMUM DUTY CYCLE: 10% on 100- 
and 50 volt ranges: 25' % on 20-volt 
range; 50% on 1Q- volt and lower 
ranges. 

POWER: 115 or 230 v to 60 

eps, 325 watts. 
DIMENSIONS: 7" high, IG^" wide, 

18^-a " deep. 
WEIGHT; Net; 35 lbs. Shipping, AE lbs 
PRICE: -hp- Model 214A, $875.00 

Prrces f o.b. factory 
Data subject to change without notice 
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A CUP-ON CURRENT PROBE FOR 
WIDE-BAND OSCILLOSCOPE MEASUREMENTS 



SOMI-I five years ago the -fop- lab- 
oratories developed a 
miiliarameter thai measured cui 
rent merely b) clippings special 
probe around the conductoi in 
question 1 * 2 . The probe thus avoided 
i lit* need for bra iking thecircuii to 
make a measurement, a < onvenien* e 
appreciated In all. At the same time 
the probe had the additional ad- 
vantage thai if introduced virtually 
mi Loading into r he circuit being 
measured, The immediate accept- 
; 1 1 1 1 e " I this (I ip-on probe, wh it h 
was designed for d< measurements, 
subsequent!) led to the develop- 
ment of two lit current \>\ 
which have been widel) used . 

A ne^ clip-on probe Eol ac < in- 
rent has now been developed espe^ 
i tally for oscilloscope use- Hv itself, 
i he probe has a medium sensitivity 



'Amdt Bcrgh, Charles O, Forge, and George S, 
Kan, "A Clip-On DC MitHsmmeter For Meas 
unrig Tube and Transistor Circuit Currents/' 
Hewlett-Packard Journal. Vol. 9. No. 10-11. 
June-July, 1958 

J Donald €. Barklty and Arndt Bergh. '"Broader 
Information Capabilities in the Clip-On DC 
Milliammeter,' Hewlett. Packard Journal. Vol, 
13, No 3-4, Now. Dec. 1961. 

^Robert R. Wilke. "A Clip-On Oscilloscope 
Probe For Measuring and Viewing Current 
Waveforms/' Hewlett-Packard Journal Vol. 
10, No 910. May June, 1959. 

*Char(es O. Forge. 'A New ClrpOn Oscilio 
scope/Voltmeter Probe For 25 cps 20 Mc Cur 
rent Measurements," Hewlett-Packard Jour- 
nal. Vol. 11. No 11 -12. July Aug, I960 



Fig- 1. Typical exam pie of use 
of fit n clip-on probe is ghou n 
in oscillogram in which - 
current waveform (lower trace) 
is presented and measured on 
dual-trace scope along u ith col- 
lector waveform (oh- 
tntrtrri with voltage pro 

u $u a I way) Wav fjarm 8 are 
from a saturating multivibrator 
transistor which has current 
spike injected tn speed satura- 
tion Oscillogram mode using 
-ftp- 175A/I7WA scope on M 
terrtate sweep at B r/cm (up- 
per) and 20 ma fern (tower). 



.11 n[ ;i li<M|u(ii(\ range that extends 
to above M* megacycles with a cor* 
responding pulse rise time of less 
than 9 nanoseconds, However, mosl 
of its capabilities othei than high- 
frequem \ response are extended If 
the probe is ttseil with a companion 
amplifier. In thai ease the hand 
width oT the combination becomes 
20 megacycles (IS met risetime), 
while the sensitivity is increased to 
1 miUiampere per oscilloscope divi- 
sion lot oscilloscopes having a 50* 
millivolt/cm sensitivity, the usual 
basic value for wide-band oscillo- 
scopes. Further, the combination 
has an adjustable sensitivity and 
can be used to una vine up to 50 
amperes peak-to-peak. The probe by 
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it.sell oi i he m unbilled probe am 

plifier can be used with any oi the 
~hp- oscilloscopes. The probe b) it 
sell is particularl) useful with the 
~hp- sampling oscilloscopes (Models 
B5A B), sime the widest probe fre- 
quency response i^ obtained with 
these scopes. 

PROBE 

When used without the amplifier, 
the probe has a very wide frequent \ 
response and a sensitivity suitable 
foJ medium level measurements. 
The basic sensitivity is an output of 
] millivolt pel milliampere flowing 
ir> die measured conductor. Oper- 
ated b\ it sell, the probe has a pulse 
rnse typified b) die ow illogram 
in Fig. o and a frequency response 





Fig. 2, hp- Model 11 10 A AC Current Probe and 
Model till A Amplifier. Probe clips around con- 
ductor being measured. 



Fig. 3. Typical test setup using new clip-on current probe together 

with voltage probe to simultaneously observe and measure current 

and voltage in test < -in utt. 
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Fig, 4. Circuit representation of ftp- 1 1 10 A prohe as 
used with scope or voittm 
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I i_ g Circuit representation of hp 1 1 lOA/il HA 

prohe an ft amplifier in typical setup. 



typified by the curves in Figs, ^.n 

MM I g 

Fhe relatively small perturba- 
tions in the pulse response ol Fig. 
6 cm he reduced further and the 
probe's Iow~frequenc) response ex- 
tended if 1 1 if probe i* operated with 
a resistive termination ar the end at 
i t s output cable. The probe head is 
designed as a current transformei 
using i he conductoi being measured 
*is ;i one-turn primary. The second 
■u\ is shunted with 100 ohms to pm 
vide a nio-nlnn source imjjedance 
and drives a 100-ohm coaxial table. 
The arrangement is such that reflec- 
tions from the open end of the cable 
ibsorbed almost completely, as 
indicated by the quality of the n 
spouse in Fig, h. However, terminat- 
ing the open end ol the cable in 100 
ul ii ns further reduces reflections and 
standing' wave patterns, ah hough ai 
the expense of a 50*% reduction in 
sensitivity. The oscillogram of Fig* 



-— | — | — I — hi' - 

B3 



7 shows i he typical pulse response 
when the probe cable is terminated, 
and Fig. 8(n ) ihr typical h»u fre- 
quency response which now extends 
Ihiifi below J kilocycle (to above 10 
megacycles as in rig. 8(a)), I In ei 
feet of an osc iiloscope input t a j>:k i 
tance of 80 pi is shown in the re- 
sponse curve ol Fig, 8(a). Winn 
the probe cable is terminated, ihe 
sensitivity becomes 0,5 m\ ma, as 
indicated In the reduced pulse 
height in Fig, 7. The -h P - #101008 
100-ohm termination is designed for 
terminating the probe table and 
was used I or the data shown. 

I he probe h espa tall) valuable 
for fast current measurements in 
tow-impedance circuits because it 
reflects oni) a slight impedance into 
the > in l i ■ t being measured, I his 
imped. m< e is approximate!; ,01 
ohm shunted b) I /dt. The capaci- 
tance in ground when the probe is 
clamped on a zr22 gage wire is less 



■ I i t i & 

— I r I 



Fig. 6. Oscillogram of typical pulse re Fig 7. Same OS Ft&. ft except probe 

gponse of -hp~ 1 1 10 A prohe operating cable terminated icith -hp> IOJ0OB 

directly into high-impedance ascillo- feed-thru termination, as in F r ig. 4. 
scope (-hp- I75A/175IA). 



iJji ii J pf. An electrostatic shield is 
located between the -probe head and 
a measured wire, and a magnetic 
shield surrounds the probe head to 
reduce the effects of external mag 
tieti* fields. 

The probe has the ability to meas- 
ure very high c urrents before the lei 
rite tnre is driven into its mm linear 
region dig. &.(&)}- With a ion-ohm 

I* i initial ion the current probe Use II 
can measure up to 30 amperes p-p 
above I kc and greater values when 
used with the amplifier, as shown 
i T fie maxima] allowable 
ured c urireni is lower at low 
Erequecu tes bet ause ol i ore distor- 
tion and is lower at high frequen- 
cies i}uv to healing itt rite core. 
Somewhat more than 0.5 ampere d< 
* an be flowing in tin 
ing measured before distortion of 
the ac measurement is noticeable. 

PROBE WITH AMPLIFIER 

L'sing the probe with the ampli- 
fier provides additional sensnivit\ 
and tow-frequency response dig. s 
(d)), and also provides a very use- 
ful 50-ohtp output Impedance so 
thai the n sp inse is troi t ritic a I w ith 
different load capacities or lengths 
of output cable (Fig. 8(b)). The 
frequency response of the combined 
probe amplifier is from 50 cps to 
20 Mr at the — 3 db points with a 
pulse rise time of approximately 18 
nanoseconds and a low frequency 
pulse sag oi }* j in 0.2 millisecond. 

When used with the amplifier, 
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the probe has a bask current -in- 
volute conversion of 50 m% ma. 
This is calibrated on the amplifier 
panel as ] ma /cm which requires 
thai the oscilloscope be set foi 50 
m\ r m. Can rent will thru be iluct 1 
reading in milJiamperes on the os- 
cilloscope s< reen. An attenuator and 
win h f)ii thf amplifier re- 
the basii sensitivit) in a 1 2-5 
sequence from I ma/cm to 5000 
ma cm in 12 ranges. Fig'. 3 shows 
a typical tesi srtup using the probe 
amplifier combination, 

GENERAL 

Current measurements using the 

-hp- clip-on current probes are in 
many cases more convenient and 
more accurate than voltage meas- 
urements and can yield informatii in 
that would not otherwise be ob- 
tained. Such measurements as tran- 
sistor base and emitter currents, 
tube screen currents, loud resistoi 
t ur rents measured on the power 
supply side of the resistoi where 
capacity has no effect, current sum 
ruing and equalizing bj measuring 
two current-tarrying conductors si 
raultaneously, power su|>|>l\ ripple, 
current-voltage comparisons, and 
charging currents and turn-on 
surges are especially valuable, The 
probe is marked to indicate its di 
rectional sense in terms of conven- 
tional current flow. 

The high-frequent j capability of 

the probe and amplifier means thai 
an awareness of high-frequency 
gro li n d c u r r e n t e f f ec t s is i m po rta n t . 
The standard precautions regarding 
grounding and low inductance are 
in order. \ resistive ground lead is 
provide*! with the probe for damp* 
ing of ground-loop resonances, 

ACKNOWLEDGMENT 

The design group lor the probe 
and amplifier included Arthur \J. 
fohnston, fames NT. Umpbrey and 
the undersigned. Valuable 5Uj 
tions were provided b) Aindt Bergh 
and Norman B. Schrock. 

— John G. Tat urn 
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FREQUiNCf (MCj 

TYPICAL HK5H FREQUENCY RESPONSE 

OF -hp. MODEL 11JQA PROBE 

WITH 100 OHM TERMINATION (V lOlOGBt 
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FREQUENCY (MC) 

TYPICAL HJCH FREQUEN OF 

hp MODEL 1U0A PR0BL WITH H1W AMPLIFIER 
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FREQUENCY 

TYPICAL LOW FREQUENCY RESPONSE 

OF -V MODEL illOA PR08E 

(C) 



FREQUENCY 

TYPICAL LOW FREQUENCY RESPONSE OF 
*hp- MOOa 1110A PROBE WITH 1 1 1 1 A AMPUFIER 
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10(1% 2M1 S0DV \K 

FREQULNCr 

MAXIMUM CURRENT RATING OF 

■hp- MODEL UI0A PROBE 

(e) 



FREQUENCY 



1DIC 



MAXIMUM CURRENT RATING OF 

hp- MODEL 1U0A PROBE WfTH tlUA AMPLIFIER 

(f) 



Fir. 8. Typical performance data for hp- I IIOA AC Current 
Pro be and ! 1 1 1 A A f n p fifl e r . 



SPECIFICATIONS 
-hp- 

MODEL 1110A 
AC CURRENT PROBE 
(without amplifier) 
SENSITIVITY; 1 mv/ma 
ACCURACY; 3%. 
BANDWIDTH: 

4 PF LOAD: (eg, I85FJ/187B). 1700 cps 
to greater than 50 mc, 7 nsec rise 
time 
30 PF LOAD; (eg. 175A/1750A). propor- 
tional decrease (capacity vs frequen 
cy) to 40 mc. 9 nsec rise ttme. 
MAKIMUM DC CURRENT: 5 ampere 
MAXIMUM AC CURRENT: 15 amperes pp 
above A kc; decreasing below 4 kc at 
the rate of 3.S amps/kc f30 amps p-p 
max with -hp No. 10100B 100-Ohm 
term i nation i 
INSERTION IMPEDANCE: Approximately 
0.0! ohm, shunted by 1 phi capacity to 
ground js less than 3 pf, 
ACCESSORY AVAILABLE: hp 10100B 100 
ohm feed-through termination; decreases 
sensitivity to 5 mv/ma. lower Cutoff 
lo 850; increases maximum ac current 
to 30 amps p-p above 4 kc Price, $17 50 



-hp- 



MODEL 11T0A AC CURRENT PJtOBE 
AND 
MODEL 1 II 1 A AMPLIFIER 
SENSITIVITY: 1 ma /cm to 50 ma/cm in 
nd 100 ma/cm to 5 amps/cm in 
XI 00 — 1,2,5 sequence. 
ACCURACY: - 3% on 50 ma /cm sen situ 
ity and below; * +% on 100 ma/em 
". v'Hy and above 
BANOVVIDTH: 50 cps to 20 mc US nsec 

rise lime"' 
NOISE: Less than 100 i*a pp. referred to 

input 
MAXIMUM AC CURRENT; 50 .imps p-p 
above 700 cps. decreasing below 700 
cps at the rate of I A amps/20 cps, 
OUTPUT IMPEDANCE: 50 ohms 
DIMENSIONS: 

Amplifier: I 1 / in high. 5 !■-» in. wide,. 6 

in. deep 
Probe: Aperture, ^i? In. diameter, 5 ft. 
cable. 
WEIGHT: Appro* rmately 2 lbs. 
POWER; 115 or 230 volts ± 10%. 50 to 60 

cps, approximately 1.5 watts 
PRICE: Model 1110A AC Current Probe, 
SI 0000: Model 11 UA Amplifier, $160 00 



Prices fob. factory 
Data subject to change without notice 
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NBS INAUGURATES HIGHER 
POWER VLF STANDARD 
FREQUENCY BROADCASTS 



MWY readers will b«> intf* rested 
in a recent annoiinrt tiu rit from 
the National Bureau of Standards that 
the NBS low -frequency Standard 
broadcasts are now operating with 
greatly increased power. 

Two new installations near Fort CoJ 
tins. Colorado, have begun broadcast- 
ing the 20 kc VLF and GO kc LF stand- 
arc! frcqueocies, These broadcasts, 
which w* n- previously <in an experi- 
mental basis from temporary trans- 
mitter sites, ar<- received with greater 
accuracy than HF broadcasts < WW V , 
WWVH), according to NBS. 

Transmissions from the b'O kc stand- 
ard (WWVB) have a radiated power 
of 5 kw while the 20 kc standard 
(WWVL'i has a radiated power of I 
kw r According to NBS, the 60 kc signal 
provides the more stable received fre- 
quency within a 2000-mile range, 
whereas the 20 kc signal is intended for 
global coverage. The stability of all 
Bureau stations is stated to be 2 parts 
in 10 M at the transmitters. 

Tlie improved receiving accuracy of 
low- frequency signals occurs because 
low frequencies rely on direct ground - 
wave propagation rather than on re- 
flectkma from a shifting ionosphere as 
with high-frequency broadcasts. The 
frequency of VLF broadcasts, as re 
ceived at a distant station, has about 
the same precision (1 part in 10 1 "). 
when averaged for a period of only 24 
hours, as high frequency broadcasts 
that have been averaged fur HO days, 




NHS low-frequency antenna installation at Fort Collins, ( f olorado 



The new stations do not replace WWV 
and WWVH, however, since these 
transmissions are sufficiently accurate 
for many important applicati 

The experience of many users with 
the experimental VLF broadcasts has 
shown that it is possible to maintain a 
loenl frequency standard, using a high 
quality quartz oscillator, to an accu- 
racy only about one order of magni- 
tude less than an atomic- frequency 
standard. 

Some (jf the systems available 
calibrating local frequency standards 
with reference to the national stand- 
ards have been described previously in 
the Hewlett- Packard J ournaL* A com- 
plete discussion also is contained in 
-hp- Application Note No. 28, "Fre- 
quency and Time Standards!' 



1 References in ~hp- Journal 

"Utilizing VLF Standard Broadcasts with the 

-hp- Frequency Divider and Clock" Vol. 11, 

No. 8 10, Apr June, I960. 

"A New Frequency/Time Standard with 

5 x 10 '<7day Stability" L S. Culler, Vol 12, 

No 3, Oct., 1960 

"A New Clock for Improving the Accuracy of 

Local Frequency and Time Standards" D 

Hartke. VoL IK No. 3 4. Nov. Dec, 1959. 



TIME SIGNAL PHASE ADJUSTMENT 
The U. S. Naval Observatory and the 
National Bureau of Standards advise 
thai standard broadcast time signals 
wiir be retarded 100 milliseconds on Nov. 
1. 1953. at ?ero hours UT <7 pm EST of 
31 Oct.]. This adjustment js necessary 
because of speed changes in earth rota- 
tion The Jast such adjustment was mad* 
Aug 1. 19&1. U S. broadcasts affected 
include NBS stations WWV. WWVH and 
WWVB and Navy stations NBA, NPG. 
NPM. NPN, and NSS 



NATtOMiL BUREAU OF STANDARDS 
FWEOUEUCT ft riMf 



■ • • 







Source NBS 
Diagram shown relation between l\ S. n stum beam frequency standard and 
standard frequency broadcast services provided by NBS. 



NBS STANDARD FREQUENCY 


BROADCASTS 




WWV 1 


WWVH 1 


WWVB 


WWVL 


LOCATION 


Belts- 
vilie, 
Md 


Maur, 

Hawaii 


Fort 

Collins. 

Colo. 


Fort 
Collins, 

Colo. 


FREQUENCIES 


2.5, 5. 
10, 15, 
20,25 
Mc/s 


5, 10. 
15 

Mc/s 


60 
kc/s 


20 
kc/s 


STANDARD 

RADIO 

FREQUENCIES 


YES 


YES 


YES 


YES 


TIME SIGNALS 


YES 


Y£S 


NO' 


NO? 


STANDARD 

AUDIO 

FREQUENCIES 


YES 


YES 


NO 


NO 


STANDARD 

MUSICAL 

PITCH 


YES 


YES 


NO 


NO 


RADIO 

PROPAGATION 

FORECASTS 


YES 


YES 


NO 


NO 


GEOPHYSICAL 
ALEUTS 


YES 


YES 


NO 


NO 


i See NBS MfSc Pub 236 a 
additional information, 

> To be added scon. 
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